Introduction {#sec1-1}
============

Almost 8% of all unconscious trauma patients will have a concomitant cervical spine injury.\[[@ref1]\] Radiography is not sensitive enough to rule out cervical spine injury, especially as the radiography done in the trauma setting is usually technically unsatisfactory. Patients, therefore, continue to have their cervical spine immobilized in cervical collar till the cervical spine is cleared by computed tomography (CT) spine. Unfortunately, the delay in getting radiology done makes it difficult to conduct various procedures like examination of back, intubation and patient shifting, especially in hemodynamically unstable patients.

If point of care ultrasound can reliably pick up potentially unstable cervical spine fractures, it will cause a paradigm shift in the management of these patients with the potential to revolutionize emergency healthcare for severe head injured patients in most parts of the world. Our study attempts to assess the feasibility of using portable ultrasound in the cervical spine to detect unstable cervical spine injuries in unconscious patients with severe head injury.

Materials and Methods {#sec1-2}
=====================

This retro-prospective pilot study carried out over 1-month period (June--July 2013) after approval from the institutional ethics committee. During the study period, the technique of cervical ultrasound was standardized by the authors and tested on ten admitted patients of cervical spine injury. To assess feasibility in the emergency setting, three hemodynamically stable pediatric patients (≦18 years) with isolated severe head injury (Glasgow coma scale ≤8) coming to emergency department underwent an ultrasound examination. All these patients continued to receive standard management and underwent a head CT with CT cervical spine up to thoracic vertebra (T1). All cervical ultrasound examinations were done by senior author (DA) (without any formal training on ultrasound) on a portable ultrasound machine (MicroMaxx, Sonosite Inc., WA, USA).

Ultrasound technique {#sec2-1}
--------------------

### Posterior window {#sec3-1}

The authors initially performed a sonographic evaluation of the affected region using a high frequency (6--13 MHz) linear array probe placed on the back of the neck of volunteers \[[Figure 1](#F1){ref-type="fig"}\]. The image quality was excellent with the additional advantage of cervical canal being nicely visible. However, this method is impractical in patients with suspected cervical spine injury as the posterior window is not available to the examiner, except during log-rolling.

![Ultrasound of the cervical spine using the posterior window. The spine is seen best with this window. However, the practical utility is limited in acutely injured patients](JPN-10-119-g001){#F1}

### Anterior window {#sec3-2}

Keeping the same linear probe in the anterior triangle of the neck provides satisfactory image quality and allows one to assess the cervical spine from C2 to D1 and see for canal compromise, ligamental injury, and major fractures. \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\]

![The anatomical landmarks for the anterior window to the cervical spine in the neck. The probe should be kept in the anterior triangle of the neck for optimum resolution](JPN-10-119-g002){#F2}

![Computed tomography cervical spine (sagittal section) and ultrasound image of the cervical spine of the same patient shown together for orientation. This figure shows that the cervical spine is very well seen on ultrasound imaging](JPN-10-119-g003){#F3}

This window was subsequently used for assessing the cervical spines in admitted patients with known cervical spine injuries. A "potentially unstable cervical spine injury" was defined as any degree of dislocation with loss of continuity of the anterior longitudinal ligament.

Observations {#sec2-2}
------------

After standardizing the ultrasound technique, ten admitted patients with documented cervical spine injury (on CT cervical spine) were evaluated with the same portable cervical ultrasound. Bilateral facet dislocation at C5--C6 was seen in four patients and at C6--C7 was seen in three patients. C5 burst fracture was present in one and C2 listhesis was seen in one patient. Cervical ultrasound could easily detect fracture lines, canal compromise, and ligamental injury in all cases \[[Figure 4](#F4){ref-type="fig"}\].

![Computed tomography cervical spine (sagittal section) and ultrasound image of the cervical spine of a patient with bilateral facet dislocation at C5--C6. The dislocation and disruption of the anterior longitudinal ligament is the cervical spine, is very well seen on ultrasound imaging (arrow)](JPN-10-119-g004){#F4}

Subsequently, three pediatric patients (all males aged 14, 17, and 18 years) with severe head injury underwent ultrasound of the cervical spine in the emergency setting and the ultrasound examination could be done easily without obstructing the ongoing management of the patient (s) \[[Figure 2](#F2){ref-type="fig"}\]. Cervical spine could be visualized well in all three patients and was normal in all. This was confirmed on subsequent CT of the cervical spine in all cases.

Discussion {#sec1-3}
==========

Various studies have shown that unconscious trauma patients may have concomitant cervical spine injury with estimates varying from 18% to 26%.\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] Furthermore, it has been shown that injury at one level of the spine increases chances of simultaneous injury at other levels manifold.\[[@ref2]\] Till date, there is no satisfactory method of picking up "potentially unstable cervical spine injury" in the field or in the emergency department at the time of initial resuscitation. Being portable and commonly used by emergency physicians, ultrasound machines are perfectly suited for mass casualty, low resource, and military applications. However, there have been no studies on the utility of ultrasound in cervical spine clearance in acutely injured patients. If it can be shown that ultrasound can reliably pick up "potentially unstable" cervical spine fractures, it will cause a paradigm shift in the management of these patients. Our study attempts to assess the role and utility of portable ultrasound in assessing the cervical spine of acutely injured patients and correlate with CT of the cervical spine of these patients.

Although, intuitively it appears that ultrasound may not be suited to evaluate the spine, a previous study on horses has described the normal ultrasonographic appearance of the cervical anatomy.\[[@ref11]\] In this study, transverse scans were obtained from second (C2) to first T1. Post mortem photographs of frozen cross-sections were obtained as anatomical reference. The authors found that the structures were clearly visualized by ultrasonography and consistency was found between ultrasonographic images and corresponding cross-sectional anatomy. Other studies have attempted to use ultrasound for pedicle screw insertion,\[[@ref12]\] and facet injections\[[@ref13][@ref14]\] with excellent results.

Our pilot study shows that ultrasound can be used to detect potentially unstable cervical spine injuries like fracture-dislocations. Another important finding of our study was that cervical ultrasound is feasible in the emergency setting and has very high concordance with CT findings for unstable injuries. A very pertinent fact was that all ultrasound examinations were done by a neurosurgeon, and minimal training was required for this level of concordance.

Limitations {#sec2-3}
-----------

Ultrasound being operator dependent, the results can vary depending upon the person doing the scan. However, this holds true for focused abdominal sonography in trauma which has now become the *de-facto* standard for abdominal trauma.

Furthermore, as the consequences for missing a cervical injury can be disastrous, we recommend that an ultrasound be used only as an adjunct to cervical radiographs/CT cervical spine. However, in low resource settings or in life-threatening situations ultrasound of the cervical spine has the potential to radically improve patient care and allow for early interventions like intubation and transfer of acutely injured patients.

Future directions {#sec2-4}
-----------------

Studies on a larger scale are required to validate our findings so as to allow cervical ultrasound for routine clinical use.

Conclusions {#sec1-4}
===========

Cervical ultrasound is feasible using portable ultrasound machine and by neurosurgeons/emergency physicians with basic training. It holds great potential in resource starved settings and in unstable patients for ruling out unstable cervical spine injuries.
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